
co
w

&- —--

-J
co

TECHNICALNOTE 2966

PROPELLER-PERFORHCE CHARTS

FOR TRANSPORTAIRPLANES

By JeamGilman, Jr.

Langley Aeronautical Laboratory
Langley Field, Va.

Washington
July 1953



TECHLIBRARYKAFB,NM

.

I!ll!lllllll!llllll!!lil!
NlfTIONALADVISORYCOMMITTEEFORAXRONAb__.. 13gL594b’

TECENICALNOTE2966

PROPEILER-PERFOW~CHART’S

FORTRANSPORTMRHANES

By JeanGilman,Jr.

sumMRY

Thepreliminaryselectionof a propellerbn thebasisof cruising
andtske-offperformanceforapplicationto trsmsportairplanesat flight
Machnumbersup to0.8canbe accomplishedby theuseof thechartsand
methodspresented,Thechsrtssreof sufficientscopetopermita fairly
rapidevaluationof thepropellerperformanceforenginepowerratings
of 1,030to 1O,O(X)horsepower.Themethodispresentedprimarilyinthe
interestofpropeller-noiseabatement.

Increasingenginepower

INTRODUCTION

ratings,togetherwithexpandingairport
operationsand~eaterconcentrationsofpeopleneara-tiport;,ha;eled
to seriouscomplatitsinregerd”toairpme noise.Inasmuchastheair-
planepropellerisa majoroffenderas a producerofhighnoiselevels,
a generalstudyofthepropeller-noiseproblemhasbeenundertakenby
theNationalAdvisoryComnitteeforAeronautics.Theinitialphaseof
thisstudyconcernedquietpropelleroperationforthelightpersonal-
ownerairplaneandtheresultshav-ebeenpresentedinreferences1 sad2.
Thepropeller-noiseinvestigationhasnowbeenextendedto includetrsm.s-
portairplaneshavingengtieswithpowerratingsof 1,000to 10,000horse-
power.

Reference3 presentsmethodsandchartsforestimatingpropeller
noise,andindicatesthefactorswhichgoverntheintensityof thenoise.
Thepresentpaperis concernedwiththeperformsmceofpropellers
selectedonthebasisof quietoperation.Thispaperandreference3
areintendedtobe usedin conjunctionwitheachother.Presentedherein
me chsrtsby meansofwhichtheperformanceof vsriouspropellercon-
figurationsat cruisingandtake-offconditionscanbe quicklysmalyzed.

It ispresupposedthatthepreliminaryairplanedesignhaspro-
gressedto thepointwherethecruisingvelocity,altitude,andengine
powerratingshavebeendetermined.It isalsopresumedthattheairplsm.e
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weight,thevelocityrequ3redfortake-off,andthelift-dragratioof
theairplaneforteke-offhavebeenestablished.Withthesefactors
lmown,thepropelleranalysiscsmproceedalongthelinessuggestedin
thepaper.
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SYMBQIS

activityfactorperblade

nmber ofblades

bladewidth(chord),ft

airplsmeliftcoefficient

powercoefficient,P/pn%15

thrustcoefficient,T/pn2D4

sectionctr~coefficient

sectionliftcoefficient

designsectionliftcoefficient

propellerdiameter,ft;drag,lb

rotationalenergyperunittimein slipstream,ft-lb/sec

bladesectionmaximumthickness,ft

advanceratio,V/m

coefficientfortake-offrun

airplanelift,lb

flightMachnumber
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rotationaltipMachnumber

propellerrotationalspeed,rpm

propellerrotationalspeed,rps

power,ft-lb/sec

powercoefficient,+%

propellertipradius,ft

radiusto a bladeelement,ft

wingsrea,sql%

take-offdistmce,ft

thrust,lb

staticthrust,lb

netstaticthrust,lb

velocityof admce, ft/secormph

airplaneweight,lb

power-coefficientadjustmentfactor

fractionofpropellertipradius,r/R

efficiency,JCT/CPor TV/P

efficiencyof idealactuatordisk

basicinducedefficiency

inducedefficiency

profileefficiency

groundfrictioncoefficient
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P airdensity,slugs/cuft

0 propeller-elementsolidity,Bb/fiDx

Uc~ propeller-elementloadcoefficient

Subscripts:

O*P atO.T-radiusstation

D profiledrdg

i induced

t take-off

DISCUSSION

Theselectionofpropellersfromperformanceconsiderationsisa
twofoldproblem.Firstof all,a reasonablecruisingefficiencymust
be maintained.Secondly,thetake-offrunmustremainwithinthelimi-
tationsofpracticalairportrunways.Theselectionof a propellerto
meetbothconditionsusuallyinvolvesconsiderationof a nuder ofpro-
pellersinorderto arriveat a suitablecompromise.A seriesofpro-
pellerchartscoveringrengesofparameterssuitableforquietoperation
ispresentedhereinandshouldgivefairlyrapidestimatesof suitable
propellerdimensionsandtheassociatedperformance.

Thediscussionbeginswitha presentationof chartswhichareused
h selectingpropellersforthecruisingcondition.Thenfollowsa
considerationofthefactorsaffectingthetake-offrun. To complete
thediscussion,chsrtsforobtainingthethrustforcalculatingthe
take-offrunwe presented.

PerformemceinCruisingCondition

Theselectionof a propellerto satisfytherequirementsofthe
cruisingconditionisaccomplishedthroughtheuseoffourcharts.Fig-
ure1 isa compositeplot,convenientlysrrangedto showtheinterrela-
tionshipofthemajorpropellerdesignvsxiables,whichgivesthebasic
inducedefficiencyTi’. (Theconstructionofthischsxtisexplained
inappendixA,) Figure2 isanadjustmentchsrttoaccountforvarious
numbersofpropellerblades.Figure3 isan adjustmentcharttobe used
whenneededto accommodatedual-rotatingpropellers.Figure4 givesthe

B
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profileefficiency,andthus
allefficiencyissimplythe
profileefficiency.

Theprocedureforusing

5

accounts forbladeprofiledrag. Theover-
produceoftheinducedefficiencyandthe

figure1 isindicatedby thesxrowsinthe
figure.‘meexsxnpleshown~voivesa ~,~-horsepowerengineforopera-
tionatan altitudeof 25,0~ feetwithb milesperhourastheati-
planecruisingvelocity(M= 0.54). The propelleristobe operatedat
a relativelylowtipspeed(say~ feetpersecond)inaneffortto
obtaina lowpropeller-noiselevel.Thecombinationof airplaneforward
speed(587 feetpersecond)andthetipspeedjustcitedgivesanadvance
ratio v/ti of 2.64. The arrowsinfigure1 showthata trialdismeter
of 16 feetleadsto a totalactivityfactorof about603. Thebasic
inducedefficiencyisabout91 percent.

Inworkingtheprobleminfigure1,theassumptionhasbeenmade
thattheapproximaterequiredenginehorsepowerhasbeenestablished.
By a trial-and-erzrorprocess,however,theapplicationoftheresults
infigure1 couldbe extendedto theproblemofestimatingtherequired
enginehorsepower,providedthatthedraghorsepower(airplanevelocity
multipliedby airplaedrag)hasbeenestablished.

Choiceofnuniberofbladesmd associatedadjustmentfactor.-The
basicinducedefficiencyofthepropelleris subjectto an adjustment
whichisdependentontheadvanceratio,thetotalactivityfactor,and
thenumberofblades,as showninfigure2. Thechoiceof thenumber
ofbladeswouldordimrilybe governedby theobviousdesirabilityof
usingbladesof standsrddesi~ thatareavailablefromthevsriouspro-
pellermanufacturers.Suchbladesgenerallyhaveactivityfactors
varyingfromabout~ toapproximately150. A simpledivisionof the
totalactivityfactorobtainedfromfigure1 by vsriou&numbersofblades
givesrequiredbladeactivityfactorsforthecruisingcondition.

Theactivityfactorasobtainedfromfigure1 neednotbe exactly
matched.Thecurvesoffigure1 fortotalactivityfactorarebasedon
propellersof optimumloaddistributionhavingtheliftcoefficientat
theO.~ stationequalto 0.5. This is a desirablevalue,at leastfor
flightMachnumbersup to about0.8,butactuallythisliftcoefficient
csmvw fromabout0.4toabout0.6 withoutunduehsrmtothepropelder
efficiency.Inasmuchas theinducedefficiencyisinrealitya function
oftheproductofthetotalactivityfactorandtheoperatingliftcoef-
ficient,it is sufficienttomatchthetotalactivityfactorfromfig-
ure1 withinapproximately20percent.

Thetotalactivityfactorfortheexampleindicatedby thesrrows
infigure1 isaboutm. Thepropellerconfigurationmightconsistof
fourbladeshavingsm activityfactorof”l~ each,forwhichfigure2
givesan adjustmentvalueAqi= -0.018,or itmightconsistof sixblades
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having.an.activityfactorof100each,forwhich Aqi= O. A choiceof .?
eightbladeshavinganactivityfactorof 75eachwouldresultina pos-
itive@i adjustmentbutmightleadto structurallyundesirableblades. .

Xn .myevent,theadjustedinducedefficiencyisgivenby

vi= vi’+A&

Thus,intheexample,theinducedefficiencyof thefour-bladepropeller
is0.892, andthatofthesix-bladepropelleris0.91.

Ad~ustmentfordualrotatf.on.-An examinationofthelowerright-
hamdcorneroffigure1 showsthatratherlowvaluesof vi’ areobtained
atthehighervaluesof V/rollandtotalactivityfactor.Figure3 is
a plotofthequantityEr/P againstJ atveriousconstsmtvaluesof
totalactivityfactorandbladentmiber.Thisquantityisthefractional
energylossduetorotationof theslipstream.Experiencehasshownthat
about60
rotating
rotating

percentofthislossisrecoverablethroughtheuseofdual-
propellers.Thus,theadjustedinducedefficiencyfora dual-
propelleris

VI
Er= vi’+Aoi -I-o-6 ~

Intheexampleoffigure1 a six-bladedual-rotatingpropellerwould
haveanover-allinducedefficiencyof 0.946 as comperedwithO.~10for
thesix-bladesingle-rotatingpropeller.

Theresultsofreference3 showthata dual-rotatingpropelleris
noisierthana single-rotatingpropellerata givenpowerloading,pro-
pellertipspeed,diameter,andnuaiberofblades.Thus,fora given
sound-intensitylevel,thedual-rotatingpropellerwouldrequirea lower
tipspeedthanwouldthesingle-rotatingpropeller.

Adjustmentforpropellerbladedrag.-Figure4 isa plotofesti-

matedprofileefficiencyasa functionofflightMachnumberwith J = ~

asperimeter.Thecurvescorrespondtoa propellerhavinga thickness-
ratiodistributionas showninfigure~. Theapproximateover-allpro-
pellerefficiencyisgivenby theproduct

v = l’-livo

foreithersingle-ordual-rotatingpropellers.

.

.
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Forthessmpleproblemindicatedby the
theconditionsoftheproblemresultedina

7

srrowsinfigure1,where
advanceratioof2.64and

a flightMachnuriberof0.54,thecorrespond~valueof ~. fromfig-
ure4 is 0.96. Thustheover-a14efficiencyq of thefour-bladecon-
figurationwouldbe ~i~o= 0.856. Theover-allefficiencyoftheslx-
bladeconfigurationwouldbe0.874forsinglerotationor 0.908 fordual
rotation.

Slmmsryoutlineofpropellerselectionprocedureforcruisingcon-
dition.- Theforegoingdiscussionmaybe sumnarizedbythefollowing
step-by-stepprocedure:

1.Forthegivencruisingvelocity,
choosea desiredvalueofrotationaltip
fromtheequation

2. Fromfigure1,obtain
thetotalactivityfactorfor

v-fl~——
m l-ml)

altitude,andshafthorsepower,
speed

thebasicinduced
vsriouspropeller

MD. CalculateV]nD -

efficiencyvi’ and
diameters.

3. Selecta suitablenuder ofbladesforeachcaseandusefig-
ure2 toobtaintheappropriateadjustment
equation

A7i●
Compute~i fromthe

h.If dualrotationappearsdesirable,obtainthequantity~/P
fromfigure3 andcomputeTi from

~.For
obtain~.

therequiredflightMachnumberandthetrialvalueof v/nD,
fromfigure4..Compute~ fromtheequation

.
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PerformanceinTake-Off

Factorsgoverningtske-offrun.- A discussionofthefactors
affectingthetake-offrunisgiveninreference4. It ispointedout
thatthemajorfactorsaffectingthetske-offrun,asidefromsuchfac-
torsaspilottechnique,enginepowervariation,smdpresenceorabsence
ofwind,areweightoftheplsme,groundfriction,airdrag,andvezia-
tionofthrustduringthetake-offrun. By assuminga straight-ltie
variationofthrust,whichwf.lJbe seenlatertobe a reasonableassump-
tion,Diehl,inreference4,obtaineda simplifiedformulaforthetake-
offrun. In thenotationof thepresentpaper,theformulais:

KsVt2_—S–Tl

T

where

T1 To—. —-
Wwp

andwhere Ks isa functionoftheratio

‘t D—--
WL
To
—.
Wp

A plotof Ks against
. givenhereinasfigure

Evaluationofthe

thisratioisreproducedfromreference4 andis
.
b.

take-offrunina calmrequiresthevalueof
staticthrustandthevalueofthrustattake-offvelocity;theother
quantitiesinthetake-offformulame presumedtobe known.Before
proceedingtomethodsforestimatingthesethrusts,typicalvaluesof
p and D/L willbe cited.Reference4 givesthevalueof p for
hard-surfacedrunwaysas0.02,whichwouldbe typicalofnormalcommer-
cialairports,andgivesa rangeofvaluesof p forothertypesof
runways.In thisreferencethes~estion ismadethatthemsximum
valueof L/D fortheairplanecanbe usedwithsatisfactoryaccuracy
incalculatingthetake-offrun. Nowthatpartiallydeflectedflaps
sxecommonlyusedinthetake-off,theuseof suchQ valueinmaking

.

.
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. thecalculationdoesnotseemadvisable.Thevalueof L/I)attake-off
velocityformaderntransportairplaneswithflapspartiallydeflected
is shownby someunpublishedNACAdatatobe about8 or 9.

Chartsfordeterminationof thrustfortake-offrun.-A convenient
chartforestimatingthethrustforthetake-offrunisgiveninfig-
ure7. Thischartisreproducedfromreference5. Figure8 ism aux-
ilisrychsrt(alsoreproducedfromref.7)usedto accountforvaria-

//tionsinactivityfactor.Figure7 shows the ratio CT (!P23 as a

// 1 3 withthepowercoefficientCPX asfunctionofthequantityJ Cp

parameter.ThequantityCPX isobtainedfrom

CpCpx= ~

where X isa functionof totalactivityfactoras showninfigure8.

In orderto obtatithestaticthrustTo itisnecesssryftistto

+ calculateCp fromtheformula

. cp=-Q-
pn?D5

where P isthepowerihfoot-poundspersecondrather
power,andthento calculateCpx. Thisvalueof CPX

I -1-

thanthehorse-
isusedto obtain

cT/cp21Jfor & = O andthestaticthrustisgivenby
L

CT‘=@3*-
It shouldbe notedthatthepower P and

speedn intheaboveequationsarelikelyto
valuesusedforthe
andtake-offengine
characteristicsand.

cruisingcondition.
powerandrotational
onhowtheengineis

propellerrotational
be differentfromthe

Thedifferencebetweencruising
speeddependson theengine
operated.
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Thethrustattske-offvelocityisobtainedfromthesameequations
,.

usedto obtainthestaticthrustexceptthattheratio //CTCp23is

// 1 3 correspondingtothetake-offveloc-obtainedforthevalueof J Cp
ity. Thevelocityfortake-offisgivenby

vt2 . 2W
(IC s%

Althoughthepropellerdatausedinpreparingfigure7 wereobtained
fromtheresultsoftestsof a relativelythickpropellerhavingcylin-
dricalbladeshanks,valuesof statictlmustobtainedfromfigure7
applyverywelltomoremodernthinnerpropellershavingairfoilshank
sections)providedthatmoderatelycamberedblades

(c2~=
o.4to 0.6)

areused. Theresultsinfigure7 donotapplyatallwellforuncsm-’
beredblades,butsuchbladesme notsuitableforoperationsinvolving
thelowsectionspeedsnecess=ytoreducenoise.

Take-offisusuallyaccomplishedata constantvalueof Cpx.

Inasmuchas //Jt Cp1 3 rarelyexceedsa valueof aboutl.~,an inspec-

// //23 ~th Jcp13tionof thevariationof CT Cp at a constantvalue

of Cpx betweenthelimits
&

=Oand -#1.5 (fig.7)shows

thattheassumptionofa linearvsriatlonofthrustforcalcd’stingthe
take-offrun(ref.4)givesa reasonablyaccurateapproximationof the
actualvmiationofthrust.

Round-shankpropellerblades‘undergoprogressivelylargerdrag
lossesastheairspeedis increased.Forthisreason,theresultsin
figure7 givevaluesof thrustwhicharefrom3 to > percentlowerthan
thethrustofmoremodernpropellerbladesat atispeedsas lowas
100milesperhour. Theerrorbecomesevenmorepronouncedatthe
higherairspeeds.Forthisreason,a seriesof chsxtshasbeenpre-
paredto showtheefficiencyofpropellershaving thethicknessdistri-
butionoffigure5 forairspeedsfrom100to 250milesperhourat
NACAstsmdardsea-levelatmosphericconditions.Theresultsforsingle-
rotatingpropellerssregiveninfigures9 to 14 andtheresultsfor
dual-rotatingpropellersaregiveninfigures15 to 18. Fortake-off
velocitiesof 100milesperhourorgreater,thesechartscanbe used
to obtaincloserestimatesofthetake-offthrustforpropellershaving
airfoilshanksectionsthanisgivenby figure7. Theefficienciesfor

L.
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thehighervelocitiescanbe usedforcalculatinginitialratesof climb
at sealevel.Theconstructionof thesechsrtsisexplainedinappen-
dixB.

Sumlaryoutlineof procedureforestimatingtske-offrun.-Thepro-
cedureforestimatingthetake-offruncanbe summarizedas follows:

1.Foreachtrialpropeller,usingtake-offhorsepowerandrota-
tionalspeed,computeCp from

c~=~
2.Usefigure8 to findthequtity X asa functionofthetotal

activity
Cruising

the

factordeterminedfromtheprelimirmrycalculationforthe
condition.ComputeCPX fromtheformula

Cp
Cpx= -’f

3. Obtainfromfigure7 thevalueof
/

CTCp2/3 at --&. O for

givenvalueof Cpx. Usingthisvalue,computethestaticthrust:

//4. ComputethequsmtityJt CP13,where

Vt
Jt=m

Thevelocityattake-offisgivenby

vt2– 2W
pc s

Lt.

.
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Fromfigure7 obtainthevalueof //CTCp a2 3 thatcorrespondsto the

/’quantitiesJtCp1/3 and CPxJ andu-sethisvalueto computethetake-

offthrust:

Tt. 5-p-
cp2/3 S

If Vt isequalto orgreaterthan100milesperhoura moreaccurate
valueoftake-offthrustcanbe obtainedfromfigures9 to 18. A value
of ~ isobtainedfromtheappropriatefi@e by directreadingorby
interpolation,whereupon

O-lintTt=—
Vt

where v+ is infeet

5. Calculatethe

persecond.

quantity

‘t D
w ()
—. ~+,

andobtainKS fromfigure6.

6. Computethetake-offdistancefrom

Ks’Vt2s.—
T1
7

*

.

where

.
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CONCLUDINGREMARKS

Thepresentpaperhasbeenprep~edwiththeideaof givinga-rea-
sonablyshortprocedurefordeterminingtheeffectofthemajorpropeller
vsriablesonthecruisingad take-offperformanceofpropellers.The
procedweconsistsofa trial-and-errorprocessforarrivingat a suit-
ablepropellertomeetboththecruisingandtake-offreqtiements.
Additionaldataaregivento aidintheestimationof initialratesof
Clhlb.

Lsx@eyAeronauticalLaboratory,
NationalAdvisoryCormnitteeforAeronautics,

LemgleyField,Vs.,April24,1953.
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CONSTRUCTIONOF

APPENDIXA

PROPELLERSELECTIONCHARTS

References1 and6 present propeller selection chsrtsinwhichthe
basicpropellerparametersareinterrelatedin sucha mannerasto facil-
itatetheselectionofa propellerfora givendesigncondition.For
thepurposesofthepresentpaper,itwasfoundconvenienttorearrange
thesechsrtsaspropellerperformmcecharts,as shownin figure 19.
Thesechartsshowtheoptimuminducedefficiency

Cpi-1/3with (UC~).,~ and J asparameters.

‘1/3.Thereisa separatechsrtof constantP
=Vi

becausevi isa functionofbladenumber.

?i as a functionof

Alsoincludedarelines

foreachbladenumber

Theinducedefficiencyvi andthepropeller-elementloadcoeffi-
cient () areprimarilyfunctionsof thepowerdueto lift

‘CzO*W
Pi

ratherthsnthetotalpower P, andthereisalsosomedependencyon the
distributionof liftalongtheblades.Thislatterdependencycsmbe
ignoredinmanycaseswithonlya smalllossinaccuracy.Forcases
wherethepropelleroperatesnearpeslsefficiency,~~ canbe considered

asbeingdependenton P ratherthanon Pi as a firstapproximation
withsufficientaccuracyforpreliminarypropelleranalyses.

Thepemmeter Cp‘1/3 isa convenientformof thepowercoeffi-
cientbecauseitisdirectlyproportionalto theterm nD as shownby
thedefinition

.

.

Theterm nD hasa directbearingonthepro~ller-noiseproblem.

Fornormaltransport-airplanecruisingconditionsit isdesirable
to operatethepropellertith c1O.p

ata valueintheneighborhoodof

0.5,thepropellerbeingproperlycamberedforthisliftcoefficientin
orderto attaina maximumvalueof sectionlift-dragratio.Theinduced .
efficiencyis shownby thechartsoffigure19 tobe dependenton the



.

product()acl~.~” Thus,iftherequiredvalueof () hasbeen
‘C1O-P

determined,an arbitraryassignmentofa valueto
CZO*7R

givesthe

requiredvalueof *o*~ by simpledivision.It canbe seenthatfor
a seriesof srbitraril.yassignedvaluesof a corresponding

CZO*7R
seriesofvaluesof uo.~ resultswithno changeintheinducedeffi-
ciency.By keepingtherangeof liftcoefficientsintheapproximate
limits0.4to0.6,thereisalsoverylittlechangeinthesectionlift-
dragratio,andhencetheover-allefficiencyremainsnesrlyconstant.

Althoughthesolidityao.m isusuallyusedas a measureof total
bladewidthintheoreticalinvestigations,thepropellerindustryhas
foundit convenienttoreferto thebladewidthintermsofactivity
factor.Reference6 givesan approximateconversionfactor:

Totalactivityfactor% 2,@ao.~

Thus, ()acJO*7R
c= be expressedintermsof theproduct

Totalactivityfactorx c1
O*7R

or,if c1 isgivenanarbitr=yvalueof0.5,then
Oom

()UczTotalactivityfactorx 2,600 0.7R=
O*5 5j200(aCz)o.m

Thisdefinitionoftotalactivityfactorwasusedinconstructingfig-
ure

the

of

-L.

Thelowerleft-handcornerof figuxe1 wasconstructedby plotting

quantity(#/P)’/’sgainstshafthorsepowerforconstantvalues

Theupperleft-handcornerisa plotof p1/3(D2/p)l/3at con-D.
stantvaluesof p,where p isexpressedintermsof NpZAstandard

densityaltitude.Theupperright-handcornerisa plotof nD(PD2/P)1’3
where nD isexpressedintermsofthetiprotationalspeedmnD. The

lowerright-handcorneriS obtainedby plottingvi’ againstnD(PD2/P)1/3
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with ~/~ ‘d ~cz)()~ (expressedintermsof totalactivityfac- 0
.

torwith cl
)

= 0.5 as parameters.Figure1 isbasedon a six-blade
o-m .

propeller~ Theadjustmentfactorsinfigure.2 me obtainedby subtracting
7ir fora six-bladepropellerfrom ~i forthessmeloadingand V/riD
forothernumbersofblades. —

Theadjl~stmentfactorsfordual-rotatingpropellersarederived
fromchartsinreference6 whichshow ErP intermsof/ ()Oc1 the0.7R’
numberofblades,and V/nD. Figure3 wasconstructedby expressing

() intermsoftotalactivityfactorinthemannerusedforcon-
‘C1O*7R
struttingfigure1.

,%

.
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APPENDIXB

CONSTRUCTIONOF CHARTSOFPROPELLEREFFICIENCYAND

TIPMACHNUM6ERATSEALEVEL

17

for
The

Thepropeller-performancecurvesinfiguzes9 to 18wereobtained
mostof therangeby a methodsimilarto thatofreferences1 and6.
present methoddiffersonlyinthattheinducedlossesareobtained

fromfigure19, whichismerelya rearrangementof theinduced-loss
chsrtsofreferences1 and6, andvaluesof thedraglossto correspond
to thethicknessdistributionoffigure5 areused. Thethicknessdis-
tributionof figure5 isconsideredtobe morenearlytypicalof the
thicknessdistributionofpropellerscurrentlyinusethanthatofref-
erences1 and6. In paticulsr, the round shankshavebeeneliminated.

Theshortmethodof estimatingpropellerperformanceisapplicable
fora r-e of fromapproximately0.15to0.8. Foroperating

C10.7R
conditionsnotinthisrangeit isnecessarytomakestripcalculations
as inreference7, orto useexperimentaldataifavailable..

Inprepmingfigures9 to 18, theelementsolidityperbladeat
theO.~ stationwastakentobe 0.045.Thisvaluecorrespondsto an.
activityfactorof about120.

Thevariationwithadvanceratioof CTD and CPD,expressedin

termsof aoo~~ isshowhinfigure20. Tbedistributionofthesection
dragcoefficientusedincalculatingCTD and CPD isas follows:

I Bladestation,
x

0.30
g

.70

.&l

::

Sectiondrag
coefficient,cd

0.010
.009
.008
.m7
.006
.006
.006
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Thevalueslistedfor cd arerepresentativeofminimumvaluesforthe .

thicknessdistributionof figure5. Underactualoperatingconditions,
somevariationsfromthevalueslistedme encountered,butthesevaria-
tionsme notof importanceunlessthepropelleris stalledorpartially

.

stalled.Becauseofthesevariations,itwasconsideredtobe suffi-
cientlyaccuratetobasethecalculationsof CTD and Cp on a pro-

D
pellerbladehavinga rectangularplanform.

As a matter.of interest,figures9 to lk includecurvesof vi for
B=4. Thesecurvesarerepresentativeoftheupperlimitoftheeffi-
ciency(single-rotatingpropellers)foreachoperatingcondition.Values
of l-lame giveninthelegendsof figures15to 18to indicatethe .

upperlimitfordual-rotatingpropellers. —
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Figure l.- MSIC propellerselectionchart forcruisingcondition.
Six-bladepropeller.
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